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Synthesis of Spongosine 

This invention relates to synthesis of spongosine (also known as 9-(P-D-ribofuranosyl)-2- 
methoxyadenine, or 2-methoxyadenosine) and to synthesis of intermediates for use in the 
synthesis of spongosine. 

The natural product spongosine was first isolated from a sponge, Ciyptotethia crypta, 
collected off the Florida coast in 1945 (Bergmann and Feeney, J.Org. Chem, 1951, 16, 981; 
Ibid 1956, 21, 226). Spongosine was considered an unusual nucleoside in that it was not only 
the first methoxypurine to be found in nature but also one of the first O-methyl compounds to 
be isolated from animal tissues. 

» 

A method of synthesizing spongosine is described by Bergmann and Stempien (J. Org. Chem. 
1957, 22, 1575). This method includes the steps of refluxing chloromercuri-2- 
methoxyadenine with 2,3,5-lri-O-beiizoyl-D-ribofuranosyl chloride in xylene to form 9- 
(2\3%5'-tri-0-benzoyl-P-D-ribofuranosyl)-2-methoxyadenine, extracting with chloroform, 
and refluxing with sodium methoxide in methanol: 




The spongosine produced was obtained in a crude yield of 31%, and then recrystallised from 
hot water to provide spongosine which exhibited a melting point of 191-191.5°C and an 
optical rotation of -43.5° (NaOH). 

■ 

A disadvantage of this method is that spongosine is not produced in high yield. A further 
disadvantage is that the method is unlikely to be suitable for large scale synthesis of 
spongosine because of problems associated with safely removing mercury residues. 
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Several improvements have been made to this method that allow synthesis of spongosine in 
high yield and purity, and on a large scale. 
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It has been found that 9-(2^3^5 , -tri-0-benzoyl-p-D-ribofuranosyl)-2-methoxyadenine can be 
obtained by reacting 2-methoxyadenine with 1-O-acetyl -2,3,5 -tri-O-benzoyl-P-D- 
ribofuranose. This reaction can produce 9-(2' ) 3 , ,5 , -tri-0-benzoyl-p-D-ribofuranosyl)-2- 
methoxyadenine in higher yield than the method described by Bergmann and Stempien. 
Furthermore, the reaction does not produce any mercury residues, and can be carried out at 
room temperature. This allows the reaction to be more readily scaled-up than the Bergmann 
and Stempien method. 

Thus, according to a first aspect of the invention there is provided a method of synthesizing 
spongosine, which comprises reacting l-0-ace1yl-2,3,5-tri-<9-benzoyl-P-D'-ribofuranose with 
2-methoxyadenine to form 9~(2^3^5'-tri-0«benzoy^P-D-ribofur^ 

and deprotecting the 9-(2\3%5'-1ri-0-ben2oyl-P-D-ribofuranosyl)-2--methoxyadenine to form 
spongosine. 

There is also provided according to the invention a method of synthesizing 9-(2',3',5'-tri-0- 
benzoyl-P-D-ribofuranosyl)-2-methoxyadenine, which comprises reacting l-O-acetyl-2,3,5- 
tri-O-benzoyl-p-D-ribofiiranose with 2-methoxyadenine. 

There is further provided according to the invention use of l~0-acetyl-2,3,5-tri-O~benzoyl-P- 
D-ribofuranose in the synthesis of spongosine, or 9-(2',3',5'-tri-0-benzoyl-p-D- 
ribofuranosyl)-2-methoxyadenine. 

Preferably, reaction of l-0-acetyl-2,3,5-1xi-0-benzoyl-P-D-ribofuranose with 2- 
methoxyadenine is carried out by suspending or mixing these reactants in anhydrous 
acetonitrile and treating the suspension or mixture with trimethylsilyl 
trifluoromethylsulfonate (TMSOTf), preferably at room temperature. 

» 

The 9-(2\3\5'-tri-0-benzoyl-P-D-ribofuranosyl)-2-methoxyadenine produced is preferably 
then isolated. This may be achieved by contacting the reaction mixture with dichloroinethane, 
and preferably washing the mixture (for example with aqueous sodium hydroxide and brine), 
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then precipitating the 9-(2\3\5'-tri-0-benzoyl-p-D-ribof^^ from 
the organic phase (preferably after drying with magnesium sulfate and filtering). The 
precipitate is preferably then filtered, washed (for example, with methyl t-butyl ether), and 
dried. 

A preferred method of forming 9-(2^3^5 , -tri-(9-ben2oy^p-D••ribofuranosyl)-2- 
methoxyadenine is shown in stage 3 of Scheme 2 below. A preferred method of forming and 
isolating 9K2^3\5'-tri-0-benzoyl-p-D-ribofo is described in the 

Example below. 

Preferably 9-(2 \3 \5 ' ,-tri-O-b enzoyl-p-D-ribo&ranosyl)-2-methoxyadenine is deprotected to 
form spongosine by treatment with sodium methoxide/methanol. 

■ 

In the method of Bergmann and Stempien, the product of coupling of chloromercuri-2- 
methoxyadenine and 2,3,5-tri-O-benzoyl-D-ribofuranosyl chloride is treated with sodium 
methoxide in methanol and refluxed. However, it has been found that the benzoyl groups of 
9-(2\3\5Vtri-0-benzoyl-P-i>ribof^ may be removed by 

treatment with a methanolic solution of sodium methoxide at ambient temperature. The 
desired product can be obtained in high yield and purity using this method. In the Example 
below the purity is 98% (by area LC), and the yield is 86%. 

Thus, preferably the 9-(2^3^5^-tri-0-benzoy^P-D-ribofuranosyl)-2.methoxyadenin^ is 
deprotected to form spongosine by treatment with sodium methoxide/methanol at room 
temperature. 

According to a second aspect of the invention there is provided a method of synthesizing 
spongosine, which comprises treating 9-(2\3\5\-tri-0-benzoyl-P-D-ribofliranosyl)--2- 
methoxyadenine with sodium methoxide/methanol at room temperature to produce 
spongosine. 

According to the method of Bergmann and Stempien the product of the coupling reaction 
between chloromercuri-2-methoxyadeiiine and 2,3,5-tri-O-benzoyl-D-riboftiranosyl chloride 
was isolated, dissolved in anhydrous methanol, and refluxed with a solution of sodium 
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methoxide in methanol. The solution was then dried in vacuo, and the semi-solid residue 
triturated with ether. The remaining crude spongosine was then dissolved in hot water, the 
solution made slightly basic with sodium hydroxide, and decanted from a brown, oily residue. 
The extract was then made acidic with hydrochloric acid, and all the liquid removed by 
freeze-drying. The residual, brown solid was extracted with chloroform, and the extract 
evaporated to dryness to leave a white residue of spongosine (3 1 % yield). 

It has been found that spongosine is obtained in high yield and purity if the spongosine 
produced by deprotection of 9<2^3\5 Vtri-O-benzoyl-p-D-ribofo 

by treatment with sodium methoxide/methanol is obtained by contacting the spongosine with, 
or suspending the spongosine in, acetic acid (preferably at room temperature), and then 
isolating the spongosine. 

i 

Thus, preferably the spongosine produced by deprotection of 9-(2%3%5'-tri-<9-benzoyl-P-D- 
ribofuranosyl)-2-methoxyadenine is obtained by contacting the spongosine with, or 
suspending the spongosine in, acetic acid and then isolating the spongosine. 



According to a third aspect of the invention there is provided a method of synthesizing 
spongosine, which comprises deprotecting 9-(2 , ,3 , ,5' r tri-(9-benzoyl-p-D-ribofuranosyl)-2- 
methoxyadenine to form spongosine, and obtaining the spongosine by contacting the 
spongosine with, or suspending the spongosine in, acetic acid and then isolating the 
spongosine. 



The spongosine may be isolated by filtration (preferably after concentrating the reaction 
mixture), washing (for example, with methyl t-butyl ketone), and drying. 

A preferred method of deprotecting 9-(2^3^5 , ,-tri-0-benzoyl-p-D-ribofuranosyl)-2- 
methoxyadenine is shown in stage 4 of Scheme 2 below. A preferred method of deprotecting 
9-(2 9 ,3 ' , 5 ' ,-tri- 0-benzoyl-p-i>ribofuranosyl)-2--methoxyadenine and obtaining the 
spongosine produced is described in the Example below. 
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It has been found that the yield and purity of spongosine is also improved by dissolving the 
spongosine in an organic acid, and then crystallizing the dissolved spongosine from the 
organic acid. 

Thus, preferably the spongosine obtained after deprotection of 9-(2\3^5Vtri-0-benzoyl-P-D- 
ribofuranosyl)-2-methoxyadenine is dissolved in an organic acid, and then crystallized from 
the organic acid. 

According to a fourth aspect of the invention there is provided a method of synthesizing 
spongosine, which comprises deprotecting 9-(2%3S5'-tri-0-benzoyl-p-D-ribofuranosyl)--2- 
methoxyadenine to form spongosine, dissolving the spongosine in organic acid, then 
crystallizing the dissolved spongosine from the organic acid. 

Preferably the spongosine is dissolved in the organic acid and crystallized after it has been 
contacted with, or suspended in, acetic acid and isolated according to a method of the third 
aspect of the invention. However, in some embodiments of the invention, it may be desirable 
to dissolve the spongosine produced by deprotection of 9-(2',3 , ,5',-tri-0-benzoyl-p-D- 
riboforanosyl)-2-methoxyadenine in organic acid, and then crystallize the spongosine without 
having first carried out a method of the third aspect of the invention. 

Spongosine may be crystallized from the organic acid by contacting the organic acid with an 
organic alcohol in which spongosine is partially soluble. A preferred organic alcohol ris 
ethanol, although it is believed that isopropanol could alternatively be used. A suitable 
organic acid is acetic acid. 

Spongosine may be dissolved in acetic acid by forming a suspension of spongosine in acetic 
acid, heating the suspension (for example to 70°C), then if necessary contacting further acetic 
acid with the heated suspension until a solution is formed. Spongosine may then be 
crystallized from the solution by contacting the solution with ethanol, and cooling to room 
temperature. 
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Crystallised spongosine may be isolated from the acetic acid/organic alcohol using any 
suitable method. A preferred method is by filtration, washing with methyl t-butyl ketone, then 
drying. 

A preferred method of crystallizing spongosine is shown in stage 5 of Scheme 2 below. A 
preferred method of dissolving spongosine in acetic acid, and crystallizing then isolating the 
spongosine is described in the Example below. 

According to the method of Bergmann and Stempien, 2-methoxyadenine is formed by 
heating a mixture of 2~chloroadenine, a solution of sodium in absolute methanol, and a 
further amount of absolute methanol at 150°C for 5hrs, and then extracting the 2- 
methoxyadenine produced. However, the yield of 2-methoxyadenine was relatively low 
(50%). 

An improved work up has been developed which comprises adjusting the pH to 9.5 (±0.5) 
and filtration of the product. 

Thus, preferably a mixture of 2-chloroadenine and sodium methoxide/methanol is heated to 
form 2-methoxyadenine, then the pH of the mixture is adjusted to pH 9.5 (±0.5), and the 2- 
methoxyadenine then isolated. 

According to a fifth aspect of the invention there is provided a method of synthesizing 
spongosine, which comprises heating a mixture of 2-chloroadenine and sodium 
methoxide/methanol to form 2-methoxyadenine, then adjusting the pH of the mixture to pH 
9.5 (±0.5), isolating the 2-methoxyadenine, and forming spongosine from the isolated 2- 
methoxyadenine. 

There is also provided according to the invention a method of synthesizing 2- 
methoxyadenine, which comprises heating a mixture of 2-chloroadenine and sodium 
methoxide/methanol to form 2-methoxyadenine, adjusting the pH of the mixture to pH 9.5 

4 

(±0.5), and isolating the 2-methoxyadenine. 
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Preferably the mixture of 2-chloroadenine and sodium methoxide/methanol is heated to less 
than 150°C, more preferably to 100°C. Preferably the mixture is cooled and diluted with 
water. Preferably the pH of the mixture is adjusted to pH 9.5 (±0.5) using hydrochloric acid 

9 

(preferably the mixture is heated to 60°C). The 2-methoxyadenine may be isolated by 
filtration, washing (for example, with water then methanol), then drying. 

A preferred method of synthesizing 2-methoxyadenine is shown in stage 2 of Scheme 2 
below. A preferred method of synthesizing and isolating 2-methoxyadenine is described in 
the Example below. This method produces 2-methoxyadenine in high yield and is suitable for 
large scale synthesis (up to 150g). 

Spongosine may be formed from the isolated 2-methoxyadenine by any suitable method. 
Preferably spongosine is formed according to methods of the invention as described above by 
reacting 2-methoxyadenine with l-0-acetyl-2,3,5-tri-0-benzoyl-P-D-ribofuranose to produce 
9-(2^3\5'-tri-0-benzoyl-P-D-ribofuranosyl)-2-methoxyadenine, then deprotecting the 9- 
(2^3^5'-tri-0-benzoyl-p-D-ribofuranosyl)-2-methoxyadenine to produce spongosine, and 
preferably then crystallizing the spongosine produced. 

There is also provided according to the invention a method of synthesizing spongosine, which 
comprises heating 2-chloroadenine with sodium methoxide/methanol at less than 150°C 
(preferably at 100°C) to form 2-methoxyadenine, and then forming spongosine from the 2- 
methoxyadenine. 

There is further provided according to the invention a method of synthesizing 2- 
methoxyadenine, which comprises heating 2-chloroadenine with sodium methoxide/methanol 
at less than 150°C (preferably at 100°C). 

Preferably 2-chloroadenine is synthesized from 2,6-dichloropurine, for example by 
amination. Amination of 2,6-dichloropurine to 2-chloroadenine is described by Brown and 
Weliky (J.O.C. 1958 Vol. 23, page 125). 2,6-dichloropurine was heated with 50 volumes of 
methanol saturated with ammonia at 100°C for 17hrs. Crystals were observed after cooling. 
The supernatant was evaporated and the residue and crystals dissolved in IN NaOH. The 
solution was filtered and acidified with acetic acid to give the desired product. However, 
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attempts to repeat this procedure resulted in poor yields due to difficulties in dissolving the 
residue in IN NaOH. According to the invention improved methods of synthesis of 2- 
chloroadenine have been developed. 

According to the invention there is provided a method of synthesizing 2-chloroadenine, 
which comprises treating 2,6-dichloropurine with saturated methanolic ammonia to form 2- 
chloroadenine, diluting with water, and then isolating the 2-chloroadenine produced. 

There is also provided according to a sixth aspect of the invention a method of synthesizing 
spongosine, which comprises converting 2,6-dichloropurine to 2-chloroadenine by treating 
the 2,6-dichloropurine with saturated methanolic ammonia, diluting with water, isolating the 
2-chloroadenine produced, and then forming spongosine from the isolated 2-chloroadenine. 

■ 

Spongosine may be formed from the isolated 2-chloroadenine using any suitable method, but 
preferably using methods according to the invention. 

According to a further aspect of the invention there is provided a method of synthesizing 2- 
methoxyadenine, which comprises converting 2,6-dichloropurine to 2-chloroadenine by 
treating the 2,6-dichloropurine with saturated methanolic ammonia, diluting with water, 
isolating the 2-chloroadenine produced, and then forming 2-methoxyadenine from the 
isolated 2-chloroadenine. 

According to a further aspect of the invention there is provided a method of synthesizing 9- 
(2^3^5 , -tri-0-benzoyl-P-D-ribofuranosyl)-2-methoxyadenine, which comprises converting 
2,6-dichloropurine to 2-chloroadenine by treating the 2,6-dichloropurine with saturated 
methanolic ammonia, diluting with water, isolating the 2-chloroadenine produced, and then 

forming 9-(2^3^5'-tri-0-benzoyl-p-D-ribo^uranosyl)-2-methoxyadenine from the isolated 2- 
chloroadenine. 

Preferably the 2,6-dichloropurine and saturated methanolic ammonia are heated, preferably to 
100°C. 
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Preferably the 2,6-didrioropurine is treated with less than 50 volumes, preferably 10 
volumes, of saturated methanolic ammonia. 

A preferred method of synthesizing 2-chloroadenine is shown in stage 1 of Scheme 2 below. 

2-chloroadenine may be isolated by filtration, washing (for example with methanol), and 
drying. A preferred method of synthesizing and isolating 2-chloroadenine is described in the 
Example below. This procedure was successfully performed on 877g of 2,6- 
dichloroadenosine, and gave 725g (92 mol%) of product with a purity of 96% (peak area 
LC). 

There is also provided according to the invention a method of synthesizing spongosine which 
comprises converting 2,6-dichloropurine to 2-chloroadenine, and then forming spongosine 
from the 2-chloroadenine. 

There is further provided according to the invention use of 2,6-dichloropurine in the synthesis 
of spongosine. 

Scheme 1 below shows consecutive steps in the synthesis of spongosine from 2,6- 
dichloropurine. The number in brackets after each synthesis step in the scheme corresponds 
to the particular aspect of the invention that is associated with an improvement to that step. 
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1 . Aimnation (6) n 
»~ 



NH 2 



CCX 



2. Methoxylation (5) 



2,6-dichloropurine 



N XI 
2-chloroadenine 




NT OMe 
2-methoxyadenine 




9-(2 , ,3',5'-tri-0-ben2oyl-P-D- Spongosine 
ribofuranosyl)-2-methoxyadenine 



Scheme 1. Steps in synthesis of spongosine 



Whilst it is preferred that spongosine is produced by a method that incorporates 
improvements according to the first, second, third, fourth, fifth, and sixth aspects of the 
invention, it will be appreciated that improvements in the yield of spongosine relative to the 
method of Bergmann and Stempien may be obtained by use of any one of the different 
aspects of the invention, or by any combination of two or more of the different aspects of the 
invention. If a method does not incorporate all six aspects of the invention, the remaining 
step(s) may be carried out as described by Bergmann and Stempien, or by an alternative 
method(s). 

For example, 9-(2\3\5'-tri-0-benzoyl-P-D-ribofuranosyl)-2-methoxyadenine could be 
formed by a method of the first aspect of the invention, and this protected intermediate then 
deprotected using the method described in Bergmann and Stempien. The spongosine 
produced by deprotection could then be obtained by a method of the third aspect of the 
invention, and optionally crystallized by a method of the fourth aspect of the invention. 



In other embodiments, it may be preferred to carry out synthesis of spongosine starting from 
2-chloroadenine, 2-methoxyadenine, or 9-(2 ',3 , ,5 , -tri-0-benzoyl-P-D-ribofuranosyl)-2- 
methoxyadenine, rather than 2,6-dichloropurine. Again, it is preferred that the subsequent 
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steps for the synthesis of spongosine (shown in Scheme 1) are all carried out according to 
appropriate aspects of the invention. However, any one of the different aspects of the 
invention, or any combination of two or more of the different aspects of the invention, may 
be used and the remaining step(s) carried out as described by Bergmann and Stepmien, or by 
an alternative method(s). 

Thus, the different aspects of the invention may he used in any of the following 
combinations: 

1 st + 2 nd ; 1 st + 3 rf ; 1 st + 4 th ; 1 st + 5 th ; 1 st + 6 th ; 2 nd + 3 rd ; 2 nd + 4 th ; 2 nd + 5 th ; 2 nd + 6 th ; 3 ri + 4 th ; 
3* + 5 th ; 3" 1 + 6 th ; 4 th + 5 th ; 4 th + 6 th ; or 5 th +6*; 

l st + 2 nd + 3 rd ; l st + 2 nd + 4 th ; l st + 2 nd + 5 th ; l st + 2 nd +6 th ; 1 st + 3 rd + 4 th ; 1 st + 3 rd + 5 th ; l^ + S" 1 
+ 6 th ; 1 st + 4 th + 5 th ; 1 st + 4 th +6*; 1 st + 5 th + 6 th ; 2 nd + 3" 1 + 4 th ; 2 nd + 3 rd + 5 th ; 2 nd + 3 rd + 6 th ; 
2 nd + 4 th + 5 th ; 2 nd + 4 th + 6 th ; 2 nd + 5 th + 6 th ; 3 ri + 4 th + 5 th ; 3 rd + 4 th + 6 th ; 3 rf + 5 th + 6 th ; or 4 th 
+ 5 th + 6 th ; 

1 st + 2 nd + 3 rd + 4 th ; 1 st + 2 nd + 3 rd + 5 th ; 1 st + 2 nd + 3 rd + 6 th ; 1 st + 2 nd + 4 th + 5 th ; l st + 2 nd + 4 th 

+ 6 th ; l st + 2 nd + 5 1h + 6 th ; 1 st + 3 rd + 4 th + 5 th ; 1 st + 3 rd + 4 th + 6 th ; 1 st + 3 rd + 5 th + 6 th ; l s, + 4 th + 

5 th + 6 th ; 2 nd + 3 rd + 4 th + 5 th ; 2 nd + 3 ri + 4 th + 6 th ; 2 nd + 3 rd + 5 th + 6 th ; 2 nd + 4 th + 5 th + 6 th ; or 
3 rd + 4 th + 5 th + 6 th ; 

1 st + 2 nd + 3 rd + 4 th + 5 th ; l st + 2 nd + 3 rd + 4 th + 6 th ;orl st + 3 rf + 4 tIl +5 ,ll + 6 tl1 . 

Methods of the invention are considerably simpler to carry out than the method of Bergmann 
and Stempien, provide spongosine in greater yield, and can be used for large scale synthesis 
of spongosine (or of an intermediate for the synthesis of spongosine). 

Embodiments of the invention are now described, by way of example only, with reference to 
the accompanying Scheme 2 that shows synthesis of spongosine according to a preferred 
embodiment of the invention. 
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Example 

Synthesis of spongosine 




Stage 1 



2,6-dicWoropurine 




2-chloroadenine 



Stage 2 



NH 2 



2-methoxyadenine 



Stage 3 




OMe 



Stage 4 



Stage 5 -crystallisation 




OMe 



BzO 032 



9-(2',3',5 , -tri-0-benzoyl-P-D- 
ribofuranosyl)-2-methoxyadeniiie 



Reagents and conditions 

1. MeOH/NH 3 , 100°C (autoclave), 16h 

2. NaOMe, MeOH, 100°C (autoclave), 24h 

3. l-0-acetyl-2,3,5-tri^-benzoyl-P-D-ribofuranose, TMSOTf, MeCN, it, 4h 

4. NaOMe, MeOH,rt,16h 

5. AcOH, EtOH, 70°C 



Scheme 2. Synthesis of spongosine 



Preparation of 2-chloroadenine: 




C5H2CI2N4 

Mol. WL: 189.00 



MeOH/NH? 



C 5 H 4 CIN 6 
Mol. Wt.: 169.57 



2,6-Dichloropurine (0.877 kg, 4.64 mol) was placed in a 20 L autoclave and treated with 
methanolic ammonia (7.0N, 6.95 kg). On sealing the autoclave, stirring was initiated and the 
mixture heated to an internal temperature of 100°C. The reaction mixture was maintained at 
100°C for 17 h. before cooling to ambient temperature. Once fully cooled, the autoclave 
vessel was opened and the reaction mixture diluted with water (3.5 kg). The resulting solid 
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suspension was collected by suction filtration and the filter cake washed with methanol (2 x 
0.7 kg) before drying to constant weight in a vacuum oven at 40°C. 2-Chloroadenine was 
isolated as a pale yellow solid (0.725 kg, 4.28 mol, 92%). 

5 H (250 MHz; d^DMSO); 7.67 (2H, s, Nft), 8.15 (1H, s, CH), 12.40 (1H, br s, Rff) 
LC 96% by peak area 

Preparation of 2-methoxyadenine: 



2-Chloroadenine (100 g, 0.59 mmol) was dried by co-evaporation with anhydrous toluene (2 
x 200 mL) and then placed in a 2.0L autoclave and treated with sodium methoxide (25% 
w/w, 1000 ml, 4.63 mol). On sealing the autoclave, stirring was initiated and the mixture 
heated to an internal temperature of 100°C. The reaction mixture was maintained at 100°C 
for 24 h. before cooling to ambient temperature. Once fully cooled, the autoclave vessel was 
opened and the suspension diluted with water (1000 mL). The resulting solution was 
evaporated undo- reduced pressure to give a final volume of 1400 mL; to this solution was 
added water (600mL) to give a final volume of 2000mL. The solution was transferred to a 
3.0L, 3-neck flask equipped with an overhead stirrer, pH meter and thermometer. The 
solution was heated to 60°C (internal temperature) and 50% aq. hydrochloric acid was added 
at a controlled rate so as to adjust the pH to 9.5 (± 0.5). The resulting suspension was stirred 
at 60°C for 1 h and cooled slowly to room temperature and stirred for a further 16 h. The 
suspension was filtered using Whatman No 3 filter paper and the filter cake washed with 
water (200 mL) and methanol (2 x 200 mL). The solid was dried under vacuum at 50°C to 
give 2-methoxyadenine (71g, 73 mol%) as an off white solid. 



8 H (250 MHz; d6-DMSO); 3.79 (3H, s, OCflj), 7.18 (2H, br s, Nft), 7.92 (1H, br s, CH) 
LC 97% by peak area 




C5H 4 CIN 5 
Mol. Wt.: 169.57 



C 6 H 7 N 5 0 
Mo!. Wt.: 165.15 
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Preparation of 9-(2\3\5'-tri-Q-ben2Pvl-p-D^ 



BzO 




,OAc 




BzO OBz 



TMSOTf 
MeCN 



BzO. 



BzO OBz 



» w 



C e H 7 N 5 0 
Mol. Wt.: 165.15 



C32H 27 N 5 0 8 
Mol. Wt.: 609.59 



A mixture of 2-methoxyadenine (11 g, 68 mmol) and l-0-acetyl~2,3,5-tri-0-benzoyl-P-D- 
ribofuranose (41 g, 81 mmol) was dried by co-evaporation with anhydrous acetonitrile (2 x 
60 mL). To this mixture in anhydrous acetonitrile (328 ml) was added dropwise, 
trimethylsilyl trifluoromethylsulfonate (29 ml, 36 g, 162 mmol) over 10 minutes (a small 
exothenn was noted 24-27°C). The suspended material is noted to be gradually solvated 
during addition. On completion of addition, the reaction mixture was stirred at ambient 
temperature for 4 h. The reaction mixture was then diluted with dichloromethane (328 mL) 
and washed with IN aq. sodium hydroxide (200 mL) and brine (200 mL). The organic phase 
was dried with magnesium sulfate (20g) and filtered. The solution was then concentrated 
under reduced pressure to approximately a quarter of its original volume at which point a 
precipitate started to form. After standing for 1 h the precipitate was filtered and the filter 

< 

cake washed with methyl t-butyl ether (2 x lOOmL). The solid was dried at room temperature 
to give 9-(2S3\5'-tri-0-benzoyl-p-D-ribofo^ (31g, 75 mol%) as a 

white solid. 



5 H (250 MHz; CDC1 3 ); 3.92 (3H, s, OCH 3 ), 4.64-4.72 (1H, m, CH), 4.79-4.88 (2H, m, 2 x 
CH), 5.79 (2H, br s, NJ^) 9 6.29 (1H, d J 3.0, anomeric CH), 6.38-6.46 (2H, m, 2 x CH), 7.35- 
7.43 (6H, m, 6 x CH), 7.52-7.60 (3H, m, 3 x CH), 7.78 (1H, s, CH), 7.95-8.00 (6H, m, 6 x 
Of). 

LC 97% by peak area 
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Preparation of 9-f(3-D"ribofuranosvlV2-methoxvadenine (spongosinel: 




OMe 



NaOMe 



MeOH 




HO OH 

CiiH 15 N 5 05 
Mol. Wt.: 297.27 



NH 2 



OMe 



A suspension of 9-(2\3\5'-tri-0-benzoyl-P-D-ri^ (39.6 g, 

65 mmol) in anhydrous methanol (400 mL) was treated with sodium methoxide (378 mg, 
7 mmol, 0.1 eq). The mixture was stirred at ambient temperature for 24 h, after which time 
acetic acid (lg) was added and the suspension stirred for 10 minutes. The mixture was 
concentrated under reduced pressure to half the volume, and the precipitate filtered. The 
filter cake was washed with methyl t-butyl ketone (2 x 40 mL) and dried to give 9-(P-D- 
furanosyl)-2-methoxyadenine (16.7 g 86 mol%) as a white solid. 

5 H (250 MHz; CD 3 OD); 3.73 (1H, dd J 12.4, 3.4, Cfl^), 3.86 (1H, dd J 12.4, 3.4, Cfl^), 3.92 
(3H, s, OCH s ), 4.12 (1H, dd J 6.0, 3.0, CH), 4.34 (1H. dd J 5.0, 3.3, CH), 4.75 (1H, t J 5.5, 
CH), 5.90 (1H, d J 6.0, CH), 8.13 (1H, s, CH) 

8 H (250 MHz; d 6 -DMSO); 3.55 (1H, m, Cfl), 3.65 (1H, m, CH), 3.83 (3H, s, OCH 3 ), 3.94 
(1H, m, CH), 4.16 (1H. m, CH), 4.63 (1H, m, CH), 5.19 (2H, m, OH), 5.43 (1H, d / 6.1, 
OH), 5.80 (1H, d J6.1, CH), 7.35 (2H, bs, Nfl), 8.16 (1H, s, CH) 
LC greater than 98% by peak area. 

Crystallisation of g-rp-D-ribofuranosvl^^-methoxyadenine (snongosine'l: 




HO OH 



HO OH 



C 11 H 1 5^505 
Mol. Wt.: 297.27 
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9-(P-D-ribofuranosyl)-2-methoxyadenine (3 g, 10 mmol) was suspended in AcOH (6 mL) and 
heated to 70°C. A further 6 mL of AcOH was added to give a clear slightly yellow solution; 
ethanol (48 mL) was added and the solution allowed to cool to room temperature. After 
standing for 16h the solid was filtered and washed with methyl t-butyl ketone (30 mL). The 
solid was dried at room temperature to give 9-(P-D-ribofiiranosyl)-2-methoxyadenine (2.6g, 
86 mol%) as a white solid with a purity greater than 99% and no single impurity greater than 
0.5%. 

NB: Analysis by l H nmr showed the sample to contain residual ethanol (0.24 wt%) and 
acetic acid (0.29 wt%). 
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